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1 Oct 2008 - 30 Aug 2013 total oxy-coal:
DOE: 3,274,020

cost share:
Oxy-Coal 4,092,525 818,505

Gasification 2,697,184

Chemical Looping Combustion 1,741,336 to date:
Underground Coal Thermal Treatment . 731,616

1,435,981

Sequestration 198,176

Mercury 51,168
Sequestration Policy 605,419

Total 12,382,153
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e Goal: Accelerate technology deployment through tightly
coupled simulations and experiments for oxy-coal
combustion to predict performance with quantified
uncertainty.

e Success Criteria include:

— engaging industry to deploy the simulation tools and to
accelerate technology deployment.

— guantifying uncertainty for selected quantities of interest
and obtaining consistency between the simulation and
experimental measures.
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Accelerate Deployment: HPC (oxy-coal)
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Accelerate Deployment: HPC (oxy-coal)
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Accelerate Deployment: HPC oxy-coal
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UQ - Predictive Validation (V/UQ)

“theories are instruments of prediction. From one set of observable
data, theories form a bridge over which the investigator can pass to
another set of observable data.” (Ernst Mach)
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Bayesian probability:
~ probability as “a measure of a state of knowledge”
~ enables reasoning with uncertain statements
v specifies some prior probability which is updated in light of new data
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V/IUQ: heat flux from large experiment & simulation
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Stokes Number Effects: clustering & segregation
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V/IUQ observations: Non-Reacting Two-Phase Jet
(VQIOCitysecondary / VG'OCitYprimary - 1 5)

DB: index.xml DB: index.xml
Time:0.380443 Time:0.236752

particle no. density
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V/UQ observations: Non-Reacting Two-Phase Jet
(VG'OCitYsecondary / VelOCitYprimary = 1 5)
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[O2]primary effect: burner stability

IDOZ(primary) = 0% POZ(primary) =21%

Preheat T=544 K, Primary PO2=0
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V/UQ observations: predictivity & sensitivity

Po, primary Walli Prior (expt) Posterior
temperature | mean stand- | mean stand-
(K) off distance | off distance

0% +/- 1% 1283 +/-150 K 30+/-2.5cm 31 +/-1.0cm
(bias error)

20.9% +/-1% 1283 +/-150 K 12+/-2.5cm 10+/-0.5cm
(bias error)

o experiments: high sensitivity to Po, in the primary

 V/UQ: high sensitivity to wall temperature (preliminary)
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V/UQ observations: stand-off
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V/UQ observations: surface oxidation (Po,,primary = 0)

O, mass fraction
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V/UQ observations: ignition mechanism
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* Ignition associated with dynamic
clusters of small particles

* In the near burner region, particles
heated by radiation from the walls and
cool down by convection with the gas

100 micron particle
number density
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Path Forward:

* Predictivity through formal
Validation/Uncertainty
Quantification:

— by integrated use of
simulation and experiments
can we facilitate scale up,
reduce deployment time,
and reduce risk, thus
lowering deployment cost ?

— improve understanding of
flame physics under oxy-
coal combustion conditions

e Support DOE’s Carbon
Capture Simulation Initiative
(CCSI)
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